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(54) MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE AND SEMICONDUCTOR 

DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for 
reducing the micro roughness on the surface of a silicon 
substrate. 

SOLUTION: A manufacturing method of a semiconductor 
device has a process (a) for preparing a silicon substrate 
provided with a crystal face having high symmetry or a 
surface following vicinity of it, a hydrogen annealing process 
(b) for annealing the silicon substrate in an atmosphere 
containing hydrogen and removing a natural oxide film, an 
inert gas annealing process (c) for annealing the silicon 
substrate in an inert gas atmosphere after the process (b) 
and generating migration of a silicon atom, and a process (d) 
for forming a gate insulating film on a surface of the silicon 
substrate after the process (c). 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

(a) The process for which the silicon substrate which has the crystal face where symmetric 
property is high, or a front face along the near is prepared, 

(b) The hydrogen annealing process of annealing said silicon substrate in the ambient atmosphere 
containing hydrogen, and removing the natural oxidation film on a silicon front face, 

(c) The inert gas annealing process of annealing said silicon substrate in an inert gas ambient 
atmosphere after said process (b). and producing the migration of a silicon atom, 

(d) The nrocess which forms gate dielectric film in said silicon substrate surface after said process 
(c). 

The manufacture approach of a ****** semiconductor device. 
[Claim 2] 

Said process (b) is the manufacture approach of the semiconductor device according to claim 1 
performed the finite time for 60 or less seconds at 900 degrees C - 1050 degrees C. 
[Claim 3] 

Said process (b) is the manufacture approach of the semiconductor device according to claim 1 or 2 
performed under reduced pressure lower than ordinary pressure. 
[Claim 4] 

Said process (c) is the manufacture approach of the semiconductor device of claims 1-3 given in 
any 1 term for 60 or less seconds performed finite time amount length at 500 degrees C - 1050 
degrees C. 
[Claim 5] 

Said process (c) is the manufacture approach of the semiconductor device of claims 1-4 given in 
any 1 term performed in helium ambient atmosphere. 
[Claim 6] 

the epitaxial substrate with which said silicon substrate grew epitaxial layer silicon on the silicon 
substrate substrate with which the off angle type from a field (100) has the front face of 0.2 or less 
degrees — it is — further 

(e) The process which forms a gate electrode on said gate dielectric film 

The manufacture approach of the semiconductor device of ****** claim 1-5 given in any 1 term. 
[Claim 7] 
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(a) The process for which the silicon substrate which has the crystal face where symmetric 
property is high, or a front face along the near is prepared, 

(b) The hydrogen annealing process of annealing said silicon substrate in the ambient atmosphere 
which contains the finite time amount for 60 or less seconds, and hydrogen at 900 degrees C - 1050 
degrees C. and removing the natural oxidation film. 

(c) The process which forms gate dielectric film in said silicon substrate surface after said process 

(b). 

The manufacture approach of a ****** semiconductor device. 

[Claim 8] 

Further. 

(d) The inert gas annealing process of annealing said silicon substrate in an inert gas ambient 
atmosphere, and producing the migration of a silicon atom before said process (c). 

The manufacture approach of the semiconductor device ****** claim 7 publication. 
[Claim 9] 

Said silicon substrate is an epitaxial substrate which grew the high resistivity epitaxial layer on the 
silicon substrate substrate of low resistivity, and it is a pan, 

(x) Process which forms a shallow trench component isolation region before said process (b), 
(y) The process which carries out drug solution processing of the substrate front face after said 
process (x), and exposes a silicon front face, 

(e) The process which forms a gate electrode on said gate dielectric film after said process (c). 

(f) The process which forms the source / drain impurity addition field with a junction depth of 0.1 
micrometers or less in said gate electrode both sides, 

The manufacture approach of the semiconductor device ****** claim 8 publication. 

[Claim 10] 

The silicon substrate substrate with which the off angle type from the crystal face where symmetric 
property is high has the front face of 0.02 or less degrees. 

The epitaxial silicon layer which is formed on said silicon substrate substrate and has a terrace and 
the front face which the step actualized. 

The shallow trench component isolation region which is formed into said epitaxial silicon layer and 
demarcates an active region, 

Gate dielectric film formed on said active-region front face, 
The gate electrode formed on said gate dielectric film, 

The source / drain impurity addition field with a junction depth of 0.1 micrometers or less formed all 
over the active region on said gate electrode both sides. 
The semiconductor device which ****. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacture approach of a semiconductor device especially with a 
shallow carrier transportation zone, and a semiconductor device about the manufacture approach of 
a semiconductor device, and a semiconductor device. 
[0002] 

[Related Art] 

Various semiconductor devices are formed by forming various semiconductor devices in a silicon 
substrate. A typical semiconductor device is the MOS transistor of an n channel and a p channel. 
[0003] 

In recent years, the semiconductor device which constitutes semiconductor integrated circuit 
equipment is continuing detailedHzation with improvement in a degree of integration. With detailed- 
ization, the gate length of an MOS transistor becomes short and the junction depth of the source / 
drain field becomes shallow. It will be conveyed more near the front face of a semi-conductor 
substrate to carriers which flow the channel field under a gate electrode, such as an electron and an 
electron hole. If irregularity exists in the front face of a semi-conductor substrate, this irregularity 
will form the dispersion core over a carrier. When there are many dispersion cores, mobility will fall. 
The flatter one of the front face of this viewpoint to a channel field is desirable. 
[0004] 

There are few crystal defects on the substrate silicon substrate of low resistivity, and the epitaxial 
substrate in which the epitaxial layer of high resistivity was formed is used for the high-end articles 
of MOS mold semiconductor integrated circuit equipment. The silicon wafer for MOS mold 
semiconductor integrated circuit equipments is usually (100) cut in the direction of a field. 
[0005] 

(100) On the silicon substrate which has the front face strictly adjusted in the field, it is hard to 
carry out epitaxial growth, abnormality growth arises, and it is easy to produce surface Hayes (dry 
area). Surface Hayes may be counted as particle with a particle counter etc., and stops being able 
to raise the yield easily. 
[0006] 

For this reason, the substrate which has the front face which attached the off angle type about 
about 0.3 to 0.5 degrees intentionally from the field (100) as an epitaxial (100) substrate is used. On 
the substrate substrate which formed the off angle type, it is easy to carry out epitaxial growth, and 
hard to produce surface Hayes. Usually, the off angle type is formed in x directions and the direction 
of y from the field (100). 
[0007] 

In the production process of semiconductor integrated circuit equipment, drug solution processing in 
which a silicon surface is dissolved after epitaxial growth for the purpose of particle removal, metal 
decontamination, etc. is performed. The micro roughness of the active-region surface of 
semiconductor integrated circuit equipment is by no means good these results. For this reason, it is 
expected that dispersion of a carrier has arisen with surface irregularity. 
[0008] 

Moreover, gate dielectric film is thin with detailedHzation. As for the gate dielectric film formed in 
the large substrate front face of micro roughness, pressure-proofing tends to become low. 
Moreover, in order to form thin gate oxide, it is desirable that imperfect oxide films, such as natural 
oxidation film, do not exist in an active-region front face. In addition, in this specification, the 
imperfect chemistry oxide film produced by drug solution processing etc. is also called the natural 
oxidation film. 
[0009] 
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In order to raise the surface smoothness of a silicon substrate surface, or in order to raise 
pressure-proofing of gate dielectric film, performing elevated^emperature annealing in a vacuum, 
hydrogen gas. or Ar gas is proposed. 
[0010] 

[Patent reference 1] 

JP,9-51097,A 

[Patent reference 2] 

JP.8-321443.A 

[Patent reference 3] 

JP,5-347256,A 

[0011] 

[Problem(s) to be Solved by the Invention] 

The purpose of this invention is offering the technique of decreasing the micro roughness of a 

silicon substrate surface. 

[0012] 

Other purposes of this invention are offering the approach of performing processing which recovers 
the configurations of a step and a terrace to a silicon substrate surface. 

The purpose of further others of this invention is offering the semiconductor device which improved 

surface surface smoothness and improved the electronic property. 

[0013] 

[Means for Solving the Problem] 

The process for which the silicon substrate which has the crystal face where (a) symmetric 
property is high, or a front face along the near according to one viewpoint of this invention is 
prepared, (b) The hydrogen annealing process of annealing said silicon substrate in the ambient 
atmosphere containing hydrogen, and removing the natural oxidation film on a silicon front face, (c) 
The inert gas annealing process of annealing said silicon substrate in an inert gas ambient 
atmosphere after said process (b), and producing the migration of a silicon atom, (d) The 
manufacture approach of a semiconductor device including the process which forms gate dielectric 
film in said silicon substrate surface is offered after said process (c). 
[0014] 

Here, as for near the crystal face where symmetric property is high, the off angle type from the 
crystal face where the symmetric property of a field (100) etc. is high points out the field of about 
0.2 or less degrees. 

The process for which the silicon substrate which has the crystal face where (a) symmetric 
property is high, or a front face along the near according to other viewpoints of this invention is 
prepared, (b) The hydrogen annealing process of annealing said silicon substrate in the ambient 
atmosphere which contains the finite time amount for 60 or less seconds, and hydrogen at 900 
degrees C - 1050 degrees C, and removing the natural oxidation film, (c) The manufacture approach 
of a semiconductor device including the process which forms gate dielectric film in said silicon 
substrate surface is offered after said process (b). 
[0015] 

Here, as for near the crystal face where symmetric property is high, the off angle type from the 
crystal face where the symmetric property of a field (100) etc. is high points out the field of about 
0.2 or less degrees. 

The silicon substrate substrate of low resistivity with which the off angle type from the crystal face 
where symmetric property is high has the front face of 0.02 or less degrees according to the 
viewpoint of further others of this invention. The epitaxial silicon layer which is formed on said 
silicon substrate substrate, has higher resistivity, and has a terrace and the front face which the 
step actualized, The shallow trench component isolation region which is formed into said epitaxial 
silicon layer and demarcates an active region. The semiconductor device which has the gate 
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dielectric film formed on said active-region front face, the gate electrode formed on said gate 
dielectric film, and the source / drain impurity addition field with a junction depth of 0.1 micrometers 
or less formed all over the active region on said gate electrode both sides is offered. 
[0016] 

[Embodiment of the Invention] 

Hereafter, the example of this invention is explained with reference to a drawing. 

Drawing 1 is a flow chart which shows the main processes of the manufacture approach of the 

semiconductor device by the example of this invention. The manufacture approach of a 

semiconductor device is explained referring to the sectional view of drawing 2 -5. First, in step SI, 

initial oxidation is performed on the surface of a silicon substrate, and the mask layer of a silicon 

nitride film is formed continuously. 

[0017] 

As shown in drawing 2 (A), the buffer oxidation silicone film 2 with a thickness of about lOnm is 
formed in the front face of the epitaxial silicon substrate 1 which grew the high resistivity epitaxial 
layer 101 on the low resistivity substrate silicon substrate 100 by thermal oxidation. This silicon 
oxide film functions as a buffer layer to the silicon nitride film formed on it. and eases the stress 
which a silicon nitride film gives. 
[0018] 

The silicon substrate 100 of a substrate has the front face of 0.2 or less degrees from the front 
face along the crystal face where symmetric property is high, or its near, for example, (100), a field. 
As shown in drawing 2 (B), micro roughness exists in silicon substrate 1 front face, and the crystal 
face of a field (100) etc. is not actualized. The thermal oxidation film 2 grows reflecting surface 
irregularity. 
[0019] 

As shown in drawing 2 (C), the silicon nitride film 3 with a thickness of about 100-150nm is 
deposited by chemical vapor deposition (CVD) on the buffer oxidation silicone film 2. A silicon nitride 
film 3 functions as a mask layer in a next etching process. 
[0020] 

In step S2, an isolation slot is formed in drawing 1 following return and step SI. 

As shown in drawing 2 (C), in order to form an isolation slot, on a silicon nitride film 3, a photoresist 

layer is applied, exposure development is carried out, and the resist pattern 4 for component 

isolation region formation is formed. A resist pattern 4 has opening corresponding to an isolation 

slot. 

[0021] 

A silicon nitride film 3 and the silicon oxide film 2 are etched by using a resist pattern 4 as a mask, 
and a silicon substrate 1 is etched further, for example, the trench 6 with a depth of 500nm is 
formed. A silicon nitride film 3 functions as a mask when etching a trench, and keeps the 
configuration of a trench exact. 
[0022] 

In addition, etching of a silicon nitride film and the silicon oxide film uses the mixed gas of CF4, 
CHF3, and Ar as etching gas. Etching of a silicon substrate uses the mixed gas of HBr and 02 as 
etching gas. Then, a resist pattern 4 is removed. Thus, an isolation slot is formed. 
[0023] 

Step S3 is performed to drawing 1 following return and step S2. and a component detached core is 
formed. 

As shown in drawing 2 (D). the oxidation silicone film 7 with a thickness of about lOnm is formed by 
thermal oxidation on the silicon substrate 1 front face first exposed to the trench 6. The silicon 
oxide film 9 is deposited 500nm in thickness by high density plasma (HDP) chemical vapor deposition 
(CVD) so that the trench 6 with which the silicon oxide film 7 was formed may be embedded. The 
oxidation silicone film 9 forms an irregular front face according to the irregularity on the front face 
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of a substrate. 
[0024] 

In drawing 1 , the garbage of the film which formed by performing step S4 is removed following step 
S3. 

As shown in drawing 3 (E). by chemical machinery polish (CMP), the oxidation silicone film 9 on 
silicon nitride film 3 front face is ground, and a flat front face is formed. CMP is stopped with a 
silicon nitride film 3. Then, it is desirable to perform annealing at 1000 degrees C among a nitrogen 
(N2) ambient atmosphere, and to perform eburnation of the embedding oxidation silicone film 9. 
[0025] 

As shown in drawing 3 (F), wet etching of the silicon nitride film 3 used as a mask for isolation slot 
formation is carried out. and heat phosphoric acid removes it. The embedding silicon oxide film 9 is 
also etched a little. 
[0026] 

drawing 1 — setting — step S4 — continuing — step S5 — a well — drug solution processing for 
the buffer oxidation silicone film removal after the ion implantation for formation and an ion 
implantation etc. is performed. 

As shown in drawing 3 (G), an n channel field and a p channel field are separately exposed with a 
resist mask, an ion implantation is performed through the oxidation silicone film 2. respectively, and 
p mold well lOp and n mold well lOn are formed. 
[0027] 

The buffer silicon oxide film 2 is removed by the wet etching for example, by dilution fluoric acid 
after that. The silicon front face of an active region is exposed. Drug solution processing of particle 
removal, metal removal, etc. may be combined, and may be performed. In a silicon front face, the 
natural oxidation film called chemical oxide arises as a by-product of drug solution processing. 
[0028] 

In drawing 1 . after exposing an active-region front face, hydrogen annealing and inert gas annealing 
of steps S6 and S7 are performed before gate oxidation. 

Drawing 4 (H) shows hydrogen annealing. For example, in the hydrogen ambient atmosphere of 150 
or less torrs, a silicon substrate 1 is heated at 900 degrees C - 1050 degrees C, and annealing of 
the finite time amount for 60 or less seconds is performed. The natural oxidation film formed in 
silicon substrate 1 front face of drug solution processing is etched by this hydrogen annealing, and 
is removed. To express the terrace of the crystal face and the configuration of a step is considered 
by silicon substrate 1 front face. 
[0029] 

Drawing 4 (I) shows inert gas annealing following hydrogen annealing. For example, a silicon 
substrate 1 is annealed between the owner time lags for 60 or less seconds at 500 degrees C - 
1050 degrees C in helium ambient atmosphere of ordinary pressure or a reduced pressure condition. 
The migration of a silicon atom arises on silicon substrate 1 front face, a terrace edge etc. is made 
to carry out migration of the silicon atom separated on the terrace by this inert gas annealing, and it 
is thought that micro roughness is decreased. The fields of the shape of a local island decrease in 
number, surface surface smoothness improves, and average terrace length increases. 
[0030] 

Inert gas annealing may be performed in other inert gas ambient atmospheres, such as Ar besides 
helium ambient atmosphere. You may carry out in the other pressurization ambient atmosphere of 
reduced pressure and ordinary pressure. In addition, inert gas annealing is not necessarily an 
indispensable process, and may be omitted. 
[0031] 

As for drawing 4 (J), the structure of a terrace and a step when a macroscopic front face is flat is 
shown roughly. When [ height h of a step ] it is 2.7A equivalent to a monoatomic layer, die-length L 
of a terrace is dependent on the off angle type of a silicon substrate 1. (100) When the off-angle 
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type from a field is theta= 0.4 degrees, the average terrace length L is ideally set to 37nm. 
[0032] 

(100) If the off angle type from a field is decreased at 0.05 degrees, the terrace length L will 
increase to 31 Inm. Thus, if an off angle type is set up low. large terrace length will become 
realizable, the front face of a silicon substrate 1 — Men (100) — it comes out just and, in a certain 
case, the terrace length L serves as infinity ideally. It is desirable to replace terrace length with the 
conventional off-angie-type 0.3 degree-0.5 degree from a viewpoint made large, and to adopt a 
small off angle type 0.2 degrees or less. 
[0033] 

since the X-ray measuring accuracy performed for wafer logging is 1 minute ~ Men (100) — even if 
it comes out just and cuts down a wafer, about **0.02 a little less than-degree off angle type may 
be generated. The direction aiming at crystal-face JASUTO with high symmetry is expressed as less 
than [ off-angle-type 0.02 degree ]. 
[0034] 

Gate oxidation of step S8 in drawing 1 is performed following annealing treatment. 

As shown in drawing 5 (K), to the silicon front face which the active region exposed, it oxidizes 

thermally, for example, gate oxide 1 1 with a thickness of about 2nm is formed. When the structure of 

a terrace like drawing 4 (J) and a step has expressed, since oxidation advances to homogeneity 

mostly, gate oxide is formed reflecting the configurations of a terrace and a step. 

[0035] 

After drawing 6 performs 1000 degrees C and hydrogen annealing for 3 seconds from a field (100) to 
the silicon substrate which formed 0.4-degree off-angle type, inert gas annealing shows the atomic 
force microscope (AFM) image of the front face which did not carry out but performed gate 
oxidation. Irregular irregularity is being distributed over the front face and the terrace and the step 
are not yet expressed. Rms which shows surface roughness was about 0.1 2nm. 
[0036] 

Drawing 7 performs 1000 degrees C and hydrogen annealing for 3 seconds to the silicon substrate 
which formed the off-angle type 0.02 degrees or less from the field (100). and inert gas annealing 
does not carry out but shows the AFM image of the front face at the time of performing gate 
oxidation. The configuration of a terrace is quite irregular although it is admitted that the step 
configuration of a flat terrace and a terrace edge has expressed. 

In drawing 7 , Rms which shows surface roughness was about 0.1 4nm. However, Rms was very as 

small as about 0,049nm in one step. 

[0037] 

Drawing 8 shows the AFM image of the front face which performed 1000 more degrees C and helium 
annealing for 10 seconds, and performed gate oxidation after that, after performing 1000 degrees C 
and hydrogen annealing for 3 seconds from a field (100) to the silicon substrate which formed the 
off-angle type 0.02 degrees or less. Clearly, a large terrace and a large step have expressed. A step 
is mostly observed in the <1 10> directions and the direction which intersects perpendicularly. 
[0038] 

In drawing 8 , Rms which shows surface roughness was about 0.1 3nm. Rms was very as small as 
about 0.034nm in each terrace. 

If terrace width efface becomes long, it will become easy to form the channel of an MOS transistor 
in one terrace or the terrace of the adjoining decimal. For example, the <1 10> directions can be 
formed in the terrace to which the MOS transistor of the direction of gate length, then large gate 
width was restricted. If the gate width direction is formed for an MOS transistor with narrow gate 
width as <1 10>, it will become easy to connect between a source-drain on the terrace of one or a 
decimal. The semiconductor device which controlled dispersion of the carrier by the step is 
realizable. 
[0039] 
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The following things can be reasoned from drawing 6 and the result of 7 and 8. Also when an off- 
angle type is 0.3-0.5 degrees as usual, by performing hydrogen annealing shows that surface 
roughness can be decreased. If an off angle type is decreased at 0.02 degrees or less, it will become 
that only hydrogen annealing tends to make a terrace and step structure express. 
[0040] 

The natural oxidation film on a silicon substrate surface is removed by annealing treatment, and the 
crystal-face structure of a terrace and a step actualizes. As for an off angle type, considering as 0.2 
degrees or less is desirable. 
[0041] 

Following hydrogen annealing, if inert gas annealing is also performed, it will be easier to express the 
structure of a terrace and a step. If hydrogen annealing and inert gas annealing are performed in the 
substrate which decreased the off angle type, it will become possible to make a large terrace 
appear. If such a substrate is used, there is little surface irregularity and high carrier mobility will be 
able to be realized. 
[0042] 

It progresses to step S9 in drawing 1 after gate oxidation, and a gate electrode is formed. Then, the 
source / drain field formation of step S10 are performed, and wiring formation of step S1 1 is 
performed. 
[0043] 

Drawing 5 (L) shows the condition of being about 600 degrees C in temperature, and having formed 
the polycrystalline silicon layer 12 about lOOnm in thickness by (low voltage LP) CVD on the silicon 
substrate surface in which gate dielectric film 1 1 was formed, for gate electrode formation. In 
addition, the silicone film with which the non dope silicone film also doped the impurity is sufficient 
as the polycrystalline silicon layer 12. In the case of the silicone film which doped the impurity, 
phosphorus (P) is doped in the field which forms an n channel MOS transistor, and it dopes boron 
(B) in the field which forms a p channel MOS transistor. 
[0044] 

As shown in drawing 5 (M), patterning of the polycrystalline silicon layer 12 is carried out using a 
resist mask, and the gate electrode 12 is formed. An ion implantation is performed and the LDD 
(lightly doped drain) field 15 is formed in gate electrode 12 both sides. 
[0045] 

Then, the oxidation silicone film 1 6 with a thickness of 1 0nm is deposited at the substrate 
temperature of 600 degrees C by LPCVD, for example, and the silicon nitride film 17 with a 
thickness of 90nm is deposited at the substrate temperature of about 600 degrees C by LPCVD on 
it. Then, it leaves the sidewall spacers 16 and 17 only on gate electrode 12 side attachment wall by 
performing anisotropic etching. The ion implantation the source / for drain field formation is 
performed, and the high concentration source / drain field 19 with a junction depth of 0.1 
micrometers or less are formed. 
[0046] 

furthermore, the need — responding — Co etc. — silicide — the metal [-izing / a metal ] is 
deposited on a front face and the silicide layer 20 is formed in the exposed silicon front face by 
forming oxygen shielding layers, such as TiN, on it, heating them if needed, and producing a silicide- 
ized reaction. An unreacted metal layer and an oxygen shielding layer remove. 
[0047] 

Then, a gate electrode is embedded by the insulator layer by the well-known approach, required W 
plug etc. is formed, an insulating layer is formed further, and a wiring layer is formed. The number of 
wiring layers prepares an arbitration number of layers if needed. Thus, semiconductor integrated 
circuit equipment can be formed. 
[0048] 

In the example explained above, etching removal of the natural oxidation film on a silicon substrate 
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surface etc. was carried out by hydrogen gas annealing, and the migration of a silicon atom was 
produced in helium gas annealing. Instead of helium gas, even if it uses other inert gas, the same 
effectiveness is expectable. For example, probably, Ar gas may be used. 
[0049] 

The semiconductor device to create is not limited to an MOS transistor. A field besides a field (100) 
(111) etc. is sufficient as the crystal face where symmetric property is high. In addition, probably, it 
will be obvious to this contractor for various modification, amelioration, and combination to be 
possible. 
[0050] 

[Effect of the Invention] 

As explained above, according to this invention, the surface smoothness of a silicon substrate 

surface can be raised. 

[0051] 

Dispersion of a carrier is decreased and it becomes possible to realize high mobility. 
Invention shown in the following additional remarks is drawn from the above-mentioned example. 
(Additional remark 1) Process for which the silicon substrate which has the crystal face where (a) 
symmetric property is high, or a front face along the near is prepared, 

(b) The hydrogen annealing process of annealing said silicon substrate in the ambient atmosphere 
containing hydrogen, and removing the natural oxidation film on a silicon front face, 

(c) The inert gas annealing process of annealing said silicon substrate in an inert gas ambient 
atmosphere after said process (b), and producing the migration of a silicon atom, 

(d) The process which forms gate dielectric film in said silicon substrate surface after said process 
(c), 

The manufacture approach of a ****** semiconductor device. 
[0052] 

(Additional remark 2) Said process (b) is the manufacture approach of the semiconductor device the 
additional remark 1 publication performed the finite time for 60 or less seconds at 900 degrees C - 
1 050 degrees C. 

(Additional remark 3) Said process (b) is the manufacture approach of the semiconductor device the 
additional remark 1 performed under reduced pressure lower than ordinary pressure, or two 
publications. 
[0053] 

(Additional remark 4) Said process (c) is the manufacture approach of the semiconductor device the 
additional remarks 1-3 for 60 or less seconds performed finite time amount length given in any 1 
term at 500 degrees C - 1 050 degrees C. 

(Additional remark 5) Said process (c) is the manufacture approach of the semiconductor device the 

additional remarks 1 -4 performed in helium ambient atmosphere given in any 1 term. 

[0054] 

(Additional remark 6) the epitaxial substrate with which said silicon substrate grew epitaxial layer 
silicon on the silicon substrate substrate with which the off angle type from a field (100) has the 
front face of 0.2 or less degrees — it is — further 

(e) The process which forms a gate electrode on said gate dielectric film 

The manufacture approach of the semiconductor device the ****** additional remark 1-5 given in 

any 1 term. 

[0055] 

(Additional remark 7) Process for which the silicon substrate which has the crystal face where (a) 
symmetric property is high, or a front face along the near is prepared, 

(b) The hydrogen annealing process of annealing said silicon substrate in the ambient atmosphere 
which contains the finite time amount for 60 or less seconds, and hydrogen at 900 degrees C - 1050 
degrees C, and removing the natural oxidation film. 
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(c) The process which forms gate dielectric film in said silicon substrate surface after said process 

(b). 

The manufacture approach of a ****** semiconductor device. 
[0056] 

(Additional remark 8) Further. 

(d) The inert gas annealing process of annealing said silicon substrate in an inert gas ambient 
atmosphere, and producing the migration of a silicon atom before said process (c). 

The manufacture approach of the semiconductor device ****** additional remark 7 publication. 
[0057] 

(Additional remark 9) Said silicon substrate is an epitaxial substrate which grew the high resistivity 
epitaxial layer on the silicon substrate substrate of low resistivity, and it is a pan, 
(x) Process which forms a shallow trench component isolation region before said process (b), 
(y) The process which carries out drug solution processing of the substrate front face after said 
process (x), and exposes a silicon front face, 

(e) The process which forms a gate electrode on said gate dielectric film after said process (c). 

(f) The process which forms the source / drain impurity addition field with a junction depth of 0.1 
micrometers or less in said gate electrode both sides, 

The manufacture approach of the semiconductor device ****** additional remark 8 publication. 
[0058] 

(Additional remark 10) Silicon substrate substrate with which the off angle type from the crystal 
face where symmetric property is high has the front face of 0.02 or less degrees, 
The epitaxial silicon layer which is formed on said silicon substrate substrate and has a terrace and 
the front face which the step actualized, 

The shallow trench component isolation region which is formed into said epitaxial silicon layer and 
demarcates an active region, 

Gate dielectric film formed on said active-region front face, 
The gate electrode formed on said gate dielectric film, 

The source / drain impurity addition field with a junction depth of 0.1 micrometers or less formed all 
over the active region on said gate electrode both sides, 
The semiconductor device which ****. 
[0059] 

(Additional remark 11) The manufacture approach of a semiconductor device the additional remark 6 
which has resistivity with said silicon substrate substrate lower than said epitaxial silicon layer, or 
given in nine. 

(Additional remark 12) Semiconductor device of the additional remark 10 publication which has 
resistivity with said silicon substrate substrate lower than said epitaxial silicon layer. 
[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart which shows the main processes of the manufacture approach of the 
semiconductor device by the example of this invention. 

[Drawing 2] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 3] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 4] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 5] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 6] It is the AFM image of the front face of the silicon substrate created according to the 
example of this invention. 

[Drawing 7] It is the AFM image of the front face of the silicon substrate created according to the 
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example of this invention. 

[Drawing 8] It is the AFM image of the front face of the silicon substrate created according to the 
example of this invention. 
[Description of Notations] 

1 Silicon Substrate 

2 Buffer Oxidation Silicone Film 

3 Silicon Nitride Film 

4 Resist Pattern 

6 Trench 

7 Oxidation Silicone Film 

9 Oxidation Silicone Film 

10 Well 

1 1 Gate Oxide 

1 2 Polycrystal Silicone Film 

15 LDD Field 

16 Oxidation Silicone Film 

1 7 Silicon Nitride Film 

1 9 High Concentration Source / Drain Field 

20 Silicide Field 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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the semiconductor device by the example of this invention. 

[Drawing 4] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 5] It is a sectional view for explaining the main processes of the manufacture approach of 
the semiconductor device by the example of this invention. 

[Drawing 6] It is the AFM image of the front face of the silicon substrate created according to the 
example of this invention. 

[Drawing 7] It is the AFM image of the front face of the silicon substrate created according to the 
example of this invention. 



JH^A-2004-15Z96t) 



Page 13 of 17 



[Drawing 8] It is the AFM image of the front face of the silicon substrate created according to the 
example of this invention. 
[Description of Notations] 

1 Silicon Substrate 

2 Buffer Oxidation Silicone Film 

3 Silicon Nitride Film 

4 Resist Pattern 

6 Trench 

7 Oxidation Silicone Film 

9 Oxidation Silicone Film 

10 Well 

1 1 Gate Oxide 

12 Polycrystal Silicone Film 

15 LDD Field 

16 Oxidation Silicone Film 

1 7 Silicon Nitride Film 

1 9 High Concentration Source / Drain Field 

20 Silicide Field 



[Translation done.] 
* NOTICES * 

JPG and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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